O' 

0 

e 

CO 

‘,CO 

1 00 
4rt< 

© 


M0'.t  lQp(^  5 


s.>fOQi  03  01.  tmIi 
nOBlMM/NBL  yhi  - 


3^e^fUMi  Ky4lefnc¥nn</am  %Ac.  -2fc^ 


DlfPIBUnON  8TA‘ 


Ap|wev«d  kf  public  rakt 
DjMributtM  UnHmitud 


rt*  opiifiomi  npMittd  htrtim  m*  ihof  •/  *A«  milhtril)  tnd  an  »oi  maca%tarUy  Ika  ofieial  aiamt  af  tka  Nary  Clactnmkt  Lataratary. 

II  tilad  im  tha  laiamliHt  IHaralara,  iMi  datamam!  siamU  ia  datarHad  at  am  ampukMad  mamaramdmaa. 


1 


TWCSRKnUTIWf  CF  RAFSB  AHD  BEARIKG  FBCM  LORAC  LAIS  COWS 

ORAMT  S.  as 


I 

I 


! 

I 


L 


1hl»  asaorsodum  d>scrlt««  tb*  mtbod  for  datff>*Biiils4  rmgfi  aod  b*arir^ 

betwsen  tvo  ships  at  sea  using  LCRAC  as  a na^rlgaticoa}  aid.  ‘This  nsacrardua 

has  besfi  prepared  because  it  is  beJLie^<ed  that  the  irfcrsatJoB  ney  be  useful 

to  others  vorking  in  an  allied  field  at  IBL.  This  seoorordiB  should  act  be 

construed  as  a report  since  its  ooiy  function  is  to  present  itforsatlcn  on  a 

snail  portico  of  the  work  on  ffili  Froblea  LI -5.  Mstributioo  outside  the 

Laboratory  ia  not  eontenpiated. 

I.-.  HIRCDUCTIOII 
\ ~ "■ 

•^lils  nenorand^B  will  discuss  a nethod  for  detemining  range  and  bearing 
betnsen  two  ships,  through  the  use  of  a Burroughs  820-Z^ltal  Conpater,  frcn 
the  Red  and  Green  lane  counts  obtained  vheo  using  a LORAC^  network.  Pre- 
wlously,  caleuXatioos  of  bearings  and  ranges  were  nade  using  desk  calcvJLators . 
However,  this  was  a long  and  tedious  task  wtdch  required  the  dravicg  of 
eheurts  and  toe  of  voluminous  nuebers. 

5he  present  procedure  is  based  on  fomulas  siqpplled  by  the  0.  S.  Ba.'y 
Hydrogr^hlc  Office.  These  fomulas  give  the  coordinates  of  a ship  in  Uhlmr- 
sal  Transverse  Mercator  (O.T.M.)  Coordinates  when  the  LCRAC  red  and  green  lane 
counta  ara  known.  The  fomulas  ie»re  extended  at  HEL  to  determine  range  and 
bearing  between  ships  in  addition  to  the  t .T JL  coordinates. 
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TMa  aectlcn  will  corar  foraulaa  us«d  to  eooaart  LQRA>>  Isdp  eoordloataa 
to  (inlTaraal  TramaTvraa  Msreator  } Coordluataa.  7ta#aa  rcrvulaa  vara 

obtalcad  froa  tba  U.  S.  Qydrosra;bic  Offiea,  WeahlB^tca,  D.  C. 

Bafoora  going  Into  tba  actual  eaxculatiosa,  eartain  coeatanta  auat  b« 
kncvu.  Tbey  a3r«  aa  follova: 


1. 

X 

m 

- U.T.M.  Easting  of  Master 

2. 

U.T.M.  Hortblng  of  Maater 

3. 

a Angle  of  Rotation  Countercloekviae;  Gfreen  Axis  Into 

positive  X-Axls 

k. 

■i  Red  Lane  Couot 

5. 

^r 

••  2/luaber  of  LaxMS  in  Red  Base 

6. 

*r 

- Bed  Base  Isr^h/^ 

7. 

L 

8 

• Oreen  Lane  Count 

8. 

Aa 

8 

••  2/Buaber  of  Lanes  in  Oreen  Base 

9. 

K 

8 

- Oreen  Base  length/^ 

10. 

(C 

- Angle  Countereloekwlae  between  Bed  Baae  and  Oreen  Base 

11. 

ain 

CD 

12. 

cos 

CU 

All  the  abora  mentioned  eonatuata,  except  If  and  Lg,  ware  fumlabed  by 
tba  U.  8.  B^drographle  Office  during  tba  planning  and  aur^y  phaaea  of  the 
pz*oblea,  upon  receipt  of  the  locatlona  of  the  LCE^  ahore  atatlons  and  the 
aaelgned  LGBAC  radio  freqpjency.  Anglaa  are  In  degraea  and  the  dlatancea  ara 
In  meters.  Refer  to  figure  (l)  for  the  meaning  of  terma  not  fully  ej^lalned. 
With  the  above  constants,  and  the  Red  and  Oreen  Lane  eounta  obtained  during 
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•ea  c^eratioms  frca  tbs  LGRA;!;  ncclvlxig  ec^uliae&t,  tho  solutioo  to  det«rmln« 
tbs  (I.T.M.  coor^cates  is  as  follovs: 


A - 1 -£A  . L 
r r r 


A - 1 . AA  - L 
8 8 8 

K - K (1  - A / K (1  - A 

T t*  ' g g 

tan  0 > sin  u/K  - cos  a> 
cos  (e^  - 0)  0 

R - Kg  (1  - A^2)  / A^  . cos  0^ 

X -X  -t-RcosCe  -t) 
pa  '88 

y -T  +Rsln(e  -t) 

P ■ 8 8 


Ths  final  rvsults  obtaiosd,  X^  ard  givs  t>;®  D.7.M.  eoordlratss  of 


tha  ship  at  ssa. 


m.  I]RgRlg|IATiaB  OP  RABOg  AlCO  BBARUfO 

A.  Rangs  - To  solve  for  tbs  range  betvaen  twc  ships,  vlth  tbsir  res- 
psctlT»*  values  of  X^  and  1^,  requires  only  plane  gecastry. 

Range  • (AX^  + Ay^)^^^ 

where:  AX  - difference  of  the  X of  the  two  ships  positions, 

P 

Ay  > difference  of  the  of  the  two  ships  positions. 

Ike  range  is  in  aeters  but  can  be  converted  to  yards  if  sc  desired. 
Tba  Inaccrrracies  of  the  range  deterained  on  U.T.M.  coordinates  is  cegligible 
for  Bost  pwposes  (4  parts  in  10,000). 

B.  Beeurlxig  • The  bearing  is  obtained  in  tbe  following  aiazmsr: 

Beeuring  - Arctan  AX 

IT 


3 


?h«re  are  four  classes  is  1411011  the  bearing  eaa  fall. 

1.  Beaurlng  • Arctaa  ^ if  AX  « ♦,  AY  • , 

2.  Bearing  • Arctan  ^ ♦ 90^  IfAX-"*-,  AY^-, 

3.  Bearing  • Arctan  ^ ♦ 7.80®  If  AX  AY  « 

Bea'-ing  Arctan^  270®  If  AX  - AY  • ♦. 

17.  CJSIHS  IBB  BURROViaB  220 

Tbe  fOTBulas  listed  is  the  previous  sectios  have  bees  prograaaed  for 
the  Burroughs  220  digital  con^uter  to  accomplish  re^id  data  reduction.  Using 
a desk  calculator  several  hours  are  required  to  compute  the  rssge  and  bearing 
betveen  tvo  ships.  Ibe  Burroughs  220  progran  can  accomplish  the  saaie  thing 
in  a few  seconds,  and  is  tbsrefore  useful  when  a nunber  of  these  ranges  or 
bearings  are  reqid^d. 

lbs  progran  In  detail  for  dete raining  range  and  bearl::g  can  be  found  in 
Appendix  A and  a flow  chart  of  tbe  progran  is  shown  in  Figure  2.  Tbe  progran 
should  be  useful  to  others  working  with  tbe  sane  or  other  10 RAC  installations. 

Tbe  only  additional  data  needed  in  the  latter  case  are  the  constants  deter- 
mined  by  the  shore  Installation  positions  and  the  assigned  LGRAC  radio  freq^iextcy. 
(See  paragraph  2,  section  IX.) 

The  set  of  Bed  and  Orees  lanes,  fron  which  the  range  and  bearing  are  to 
be  detemined,  are  punched  cn  paper  tape  in  the  following  nsnner: 


Red  Lane  of  Source  (or  Target) 

Qreen  Lane  of  Source  (or  Target) 

hbb.bb 

Red  Lane  of  Receiver 

aaa.aa 

Qreen  Lana  of  Receiver 

bbb.bb 

h 


lotie«  that  the  latie  counts  are  carried  out  to  8 declsal  places.  decioal 

point  is  not  punched  onto  the  pqper  tape  and  is  sbcn<n  above  only  for  clarity. 

A roll  of  pever  tape  oay  contain  sany  sets  of  lane  counts.  The  ccepixter  pro> 
graa  interprets  the  lane  counts  in  groups  of  four:  i.e.,  the  first  two  as 
the  target  ship  lane  covnt  and  the  next  tvo  as  the  receiving  ship  Tnae  count. 

^Ttae  bearing  and  range,  aa  deterainsd  by  the  cc^uter,  are  printed  on 
the  flezovrlter  on  line  with  the  Burrou^e  820.  Ihe  hearing  in  degreee  end 
range  in  yarda  are  in  floating  point  notation.  As  an  illustration,  the  output 
for  lane  counts  of  (red)  and  495.60  (green)  for  the  target  and  3^*66 

(red  and  396.08  (green)  for  the  receiver  would  appear  thualy; 
nurget 

Red  Lane 35436 

Green  Lane 49560 

Receiver 

Red  Lane 38766 

Green  Lane 396o6 

!?rue  LGRAC  Bearing.  . .5383498400 
Range  in  Tarda 3^49589760 

For  thoee  who  are  not  fasiillar  with  floating  point  notation,  the  first  two 
digits  froa  the  left,  denote  the  nuniber  of  places  to  the  right  of  the  sue* 
ceedlng  digits,  with  50  seanlng  sero  places,  to  put  the  deciioal  point.  Tn 
other  words,  5549589760  is  the  sane  aa  1>9589.760. 

Although  ths  progrea  is  written  in  the  language  of  the  Burrough*  280, 
there  la  no  reaaon  why  this  saoe  prograa  cannot  be  laplsBented  for  uae  on 
any  other  digital  ccoputar  such  as  the  CBC  1604  or  the  KTDB  unit^coavuter. 


AT^EHDIZ  A 


r 


mTBucnoa 

950 

0 6341  59  4745 

951 

0 6316  59  4544 

952 

0 0053  4i  5545 

953 

0 0000  00  0000 

95^ 

0 4759  45  4555 

955 

0 0053  4l  5545 

956 

0 0000  00  0000 

957 

0 5945  43  4549 

958 

0 6545  59  0000 

959 

0 0016  59  4544 

960 

0 0053  4l  5545 

961 

0 0000  00  0000 

962 

0 4759  45  4555 

963 

0 0053  4l  5545 

964 

0 0000  00  0000 

965 

0 0000  00  0016 

966 

0 5945  53  4163 

967 

0 4965  45  0042 

968 

0 4541  59  4955 

969 

0 4700  00  0000 

BUBROCXaS  220  FR0CSUU4  for  ISrSSnOMlMO  PAWS  AWD 
BBARIia  from  LOBAC  BED  ARD  ORESH  IABS8 

PEMAEEB 


950-975  spacial  for  8P0 


LoBOrt  End  Laiie 


In««rt  9re«B  Lace 


Incert  Red  Laae 


Insert  Oreen  Lane 


A1 


J 


970 

0 0000  00 

0000 

971 

0 59*n  55 

4745 

972 

0 0049  55 

0068 

973 

0 4159  44 

6200 

grrk 

0 0000  00 

0000 

975 

0 1616  16 

1616 

976 

977 

978 

30 

0986  BOB 

979 

25 

900 

42 

0979  Lie 

981 

1 0000  10 

0950  CAD 

982 

2 43 

0000  ISA 

983 

1 0000  4o 

0950  STA 

984 

1 21 

0981  EBB 

985 

30 

1160  BUS 

986 

10 

1010  CAD 

987 

4o 

0953  8TA 

988 

10 

1011  CAD 

989 

40 

0956  STA 

990 

0 0070  09 

0950  SPO 

991 

30 

UI6  BUI 

992 

10 

1010  CAD 

993 

40 

0961  8TA 

99‘^ 

10 

1010  CAD 

995 

40 

0964  STA 

Insert  Bearing 


Insert  Range 
Advance  p^er 


Constant 

Load  B Register  with  25 

Load  sign  with  2 
Store 

Decrease  B register  end  recycle 
To  start  of  coBVixtations 
Oet  lane  count 


Write  on  BFO 
Read  2 lanes 


A2 


Writ«  on  8P0 


996  10  1012  CAS 

997  ^ m? 

998  0 0090  09  0957  SPO 


999 

30  1020  BOTH 

•So  ccngmte  seccnd  eat 

1000 

0 

5865 

53  6849 

I/IM  Easting  of  Mnetar  Xn 

1001 

0 

5739 

48  2663 

ITM  northing  of  Master  Ym 

looe 

0 

5090 

00  6860 

Angle  of  Gireec  Lace  into  X-axia 

1003 

0 

4822 

90  7238 

AA  2 + nuniber  of  lanae  in  red  base 

T 

1004 

0 

5528 

74  1878 

1/2  red  baas  length 

1005 

0 

4814 

58  0896 

AA  2 * nuidser  of  lanes  in  green  base 

1006 

0 

5543 

61  2485 

K 1/2  green  base  length 

E 

1007 

0 

5317 

95  2955 

(0  angle  batvsen  red  and  green  baseline 

1008 

0 

4882 

10  8000 

Sine  CD 

1009 

1 

5099 

99  7000 

Cos  CO 

1010 

0 

0000 

00  0000 

Red  Lane 

ion 

0 

0000 

00  0000 

Green  Lane 

1012 

01  0000 

BOP 

1013 

0 

5110 

93  6111 

Con'fersicel  of  meters  to  yards 

1014 

0 

5110 

00  0000 

Constant  of  1 

1015 

0 

0000 

00  0000 

1016 

0 

5257 

29  5779 

Radians  to  degrees 

1017 

0 

0000 

00  0002 

1018 

0 

5290 

00  0000 

90  Degrees 

1019 

0 

0000 

00  0000 

1020 

10  1010  CAS 

Red  lane 

T 

lOZL 

4l  1017  LDR 

Fixed  to  Floating  point  routine 

A3 


1022 

44 

4600 

S’!? 

1023 

30 

4601 

BUR 

102U 

24 

1003 

PMU 

Floating  nraJ-tiply  by  AA 

T 

1025 

4o 

2000 

STA 

(LyAA^)  to  (2000) 

1026 

10 

1014 

CAD 

1 

1027 

23 

2000 

FSU 

U 

1 

1028 

40 

2000 

S'EA 

1029 

10 

1011 

CAD 

Green  Lane  L 

S 

1030 

4i 

1017 

STF 

1031 

44 

4600 

IDR 

1032 

30 

46oi 

H'H 

1033 

24 

1005 

FHC 

103l» 

4o 

2001 

S'BA 

1035 

10 

1014 

CAD 

1 

1036 

23 

2001 

FSU 

1 - (L^^) 

1037 

4o 

4001 

S-M. 

1038 

10 

2000 

CAD 

A 

r 

1039 

24 

2000 

FMLi 

r 

lOiiO 

4o 

2050 

STA 

104l 

1C 

1114 

CAD 

1 

10^ 

23 

2050 

FSU 

1 - A ^ 
r 

1043 

24 

1004 

FKL! 

K,  (1  - a/) 

1X)44 

4o 

2002 

8^ 

1045 

10 

2001 

CAD 

A 

g 

1046 

24 

2001 

FMU 

a2 

8 

1047 

40 

2051 

8^ 

Ak 


Arc'taa  routine 


Sine  routine 


2 45  OOOOCLR 


2 45  CXXX)  CLR 


25  1008  FTFV 
2k  2006  PHJ 
W»  U820  8TP 
30  4821  BUH 
40  1019  SIA 
10  1018  CAD 

25  1016  rov 

2 45  0000  CLR 
23  1019  F8U 

1 43  0000  ISA 
40  2009  Sn 

22  2006  f AD 
40  2010  8TA 
44  4000  8T^ 
30  4001  FJH 
40  2012  81A 
10  2001  CAD 

23  2012  F8U 
40  2013  82A 

2 45  0000  CLR 
10  2003  CAD 
25  2013  ruv 
40  2014  SrCA 
10  2010  CAD 
23  1002  FSO 
40  2015  STA 


Sir*  0 / 8ine  le 
Co*  (O^  - 0) 
Aretao  x*outin* 

90  Degr*** 
Htdlaxi* 

Arcco*  (0  - 0) 
M&k*  Dvgatlve 


Coain*  roxitloe 

A 

6 

A - cos  0 

e g 

K (1  - A 
g g 

R In  aeters 


1125 

40  2022  STA 

1126 

30  0992  BUR 

To  cGoiputa  second  set  of  points 

1127 

10  2021  CAD 

Target 

1128 

23  2019  FSU 

Target  lainus  Receirar  X 

D P 

1129 

1 33  1154  BSA 

1130 

40  2023  S2A 

U31 

10  2022  CAD 

Target 

1132 

23  2020  FSU 

Target  t mlntiB  Receiver  I 

P P 

U33 

1 33  1146  BSA 

1134 

40  2024  STA 

1135 

44  1200  8TP 

To  Bearing  sub-routine 

1136 

30  1201  BUN 

1137 

01  0000  HOt' 

1138 

30  1140  BUN 

1139 

30  1127  BUN 

No  Inatructlou 

ll4o 

0 0100  09  0966  SPO 

Vfrlte  range  and  bearixsg 

ll4i 

10  1012  CAD 

1142 

40  1117  STA 

1143 

10  0978  CAD 

1144 

4o  m.5  STA 

1145 

30  1160  BUN 

1146 

43  0000  LSA 

Routine  if  90  • 180  degrees 

U47 

40  2024  S!I!A 

1148 

44  1180  STP 

To  bearing  routine 

1149 

30  1181  BUN 

U50 

10  0970  CAD 

L 


A8 


1151 

22  1018  FAD 

1152 

40  0970  8TA 

1153 

30  1140  BUH 

1154 

43  0000  LSA 

1155 

40  2023  SZA 

1156 

10  2022  CAD 

Target  7^ 

1157 

30  1162  BUM 

1158 

0 5327  00  0000 

270  degrees 

1159 

0 5318  00  0000 

idC  dagi'ees 

1160 

0 1020  03  1010  pm 

Read  2 more  laces 

1161 

30  1020  BUH 

To  start  of  prograai 

1162 

23  2020  FSU 

1163 

1 33  1171  BSA 

1164 

40  2024  SXA 

1165 

44  3J.80  STP 

To  bearing  routine 

1166 

30  1181  BUH 

1167 

10  0970  CAD 

1168 

22  1158  FAD 

1169 

40  0970  8TA 

1170 

30  Il40  BUH 

To  prlnt'Out 

1171 

43  0000  LSA 

1172 

40  2024  SZA 

1173 

44  1200  SZP 

To  bearing  routine 

1174 

30  1201  Km 

1175 

10  0970  CAD 

1176 

22  1159  FAD 

1177 

40  0970  8TA 

y. 


1178 

30  U40  BIJH 

To  prlnt-oirt 

1179 

1180 

30  0000  BUH 

To  re-eatcr  main  program 

ul81 

10  a02U  CAD 

AY 

1182 

25  2023  FW 

AY  / AX 

1183 

44  4360  S!!5P 

Arctao  routine 

li8J^ 

30  4361  BUH 

1185 

40  2023  8TA 

1186 

24  1016  Fl« 

1187 

40  2026  STA 

1188 

40  0970  SEA 

1189 

10  2025  CAD 

1190 

44  4000  STP 

To  Bine  routine 

1191 

30  4002  BUN 

1192 

40  2030  SEA 

1193 

10  2024  CAD 

1194 

25  2030  PDV 

Range  in  neters 

1195 

40  2027  SEA 

1196 

25  1013  FJTf 

Range  In  yards 

1197 

40  2028  SEA 

U98 

40  0974  SfUl 

1199 

30  1180  BUB 

HCLT 

1200 

30  0000  BUH 

Re-entxy  to  naln  program 

1201 

10  2023  CAD 

1202 

25  2024  PDV 

1203 

44  4360  STP 

Arctan  routine 

f 

1204 

30 

4361 

BUN 

1205 

4o 

2025 

ST4 

1 

1 

1206 

24 

1016 

FNU 

Bearing  in  degrees 

t 

1 

1207 

4o 

2026 

8!IA 

1 

1 

1208 

40 

0970 

ST4 

i 

i 

I 

1209 

10 

2025 

CAD 

( 

1 

• 

1210 

44 

4000 

S57 

To  sine  routine 

1211 

30 

4002 

BUB 

1212 

4o 

2030 

STti 

1213 

10 

2023 

CAD 

1214 

25 

2030 

rm 

Range  in  meters 

1215 

4o 

2027 

8TA 

1216 

25 

1013 

PDV 

Range  in  yards 

1217 

4o 

2028 

1218 

40 

0974 

8^ 

1219 

30 

1200 

BUN 

EXIT 
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